JP 2004-12513 A 2004. 1. 15 



(19)B*HW8«f(JP) (12)4i ^ I 4 ? 4i fg(A) (llXHrtUkSrH** 

$fH2004-12513 
(P2004-12513A) 
(43)SWB ¥1818*1 H15B(2KU.1.1S) 

(51) Int. CI. 7 Fl ■t-— -va-y 

603 F 7/004 G0 3F 7/004 5 0 3 A 2H02 5 

H01L 21/027 HOIL 21/30 502R 



mw&m mm m wmmco® sol & 10 ju 



(2i) mm&*$ 


??®2002-161651 (P2002-161651) 


(71) JBJSA 


000005821 




(22) mmm 


¥^14^6^30 (2002.6.3) 




AESWPmTPA^HK 1 00 6fi 






(74) RMA 


100077931 
#S± HUB 








(74) tt&A 


100094134 








(74) KMA 


100110939 
#3ht Wl*] 


s 






(74)ttSA 


100110940 








(74) RMA 


100113262 


— - 






(74) RIA 


100115059 
#Jgdt ^tL 





(54) mwo&m ^fi~^Mm>m 



(57) [g^3 
BBRB9] B l 



(a) 



(b) 



vzzzzzzz^ 



-7 



- 11 

-10 



"jj i|r t],- *jr J/ t,|i ^*|^ " 

i \zzzz~zzm , Ezzzzzeza _ i— - 13 



10 



11a lib 



lla lib 

v I. . .... -L. 



(2) JP 2004-12513 A 2004.1.15 

[*#!*»* ©*Effl] 

immm 1 ] 

ilBl/yxUfcjtiLT, in il « I£ 1 Ok VKT©flfi%IKWtI»LTA^t - > 

[^5ft« 2 3 
#31 1 IB « <D i< * - > m fig 73 ?£ o 

Hi „ 

fu IB U X h M ft *f L T , in a * E 1 0 k VKTOl?«%aSWES»l/T/<? - > 

»e-< — x # u v- o^tiga „ i. ociiTioi. 5 Jtcrtf* & c t « t -r §w 20 

ISf&E 5 ] 

4fc:S2«cQ^£ — v Jl? Eg 7? ffi 
[ 0 0 0 13 

[ 0 0 0 2 ] 

[ «£ 3ft S (R ] 30 

tfioHSomaicasnn^. sso t 7j< §1 5> > 7\ Kr Fi*^vi/-fxa 

A r F:r^5/^U-1f^#R)teftfc?-;s#yy^9:7^fcJ;t>/<*-- V.Jg fig # *T fc> *l T V 
* tf» 4" i5 5 - € CD IS $ffl ft flO It H> K tt , i^lSffl^S'J y^7 7-f tfi#2tlT 

[ 0 0 0 3 ] 

f78'jv?77^B, s£ * e, ffl i> z> ti x ^ & m ft ye tc tt ^ t . tk m im ft # m t? s 5 

„ 7;l/-7'? htfllTSoft,, 
[ 0 0 0 4 ] 

^ £ T , X;K7'y h^lqllJ^Sl^S'Jyy^y^ t LT, 7X^*flj^5- ig iR 40 
^aSfcSfflTS fcftfc* ff *to ? -d >J5fS£ «fc 5 «¥^ffi©^ft^Kf±-r S'* < , 
fcf 1 0 k VKTCfi^talf E^M^^tf i'J Vi?77^tfH?ftT^§ ( M x. J±\ 
N.Shimazu, Digest of Papers 2001 Interna 

tionalMicroprocesses and Nanotechnology 
Conference, p. 38 ( 2 0 0 1 ). ) 0 

[ 0 0 0 5 ] 

«T, U%% t LTffiinaiSjEcoW^^^JlV^fie^OA^-ymfiKTarffi^OV^T, 13 
( a ) ~ ( d ) *#ML6*mi5T5 0 
[ 0 0 0 6 ] 



JP 2004-12513 A 2004. 1. 15 



[ 0 0 0 7 ] 

# U ( (1 -xh^^if^Xf l^y) - (tKn^i/Xf V» ) (fib, 1 - a: b 

is m?- ;V Is > : HFn+i'Xf 1/^=4 Omo 1 % : 6 Omo 1 % ) (-^-Xl'J 
V — 

) 2 g 

F'J7i^*X/l'7t- l ?ib 1 J7;l'4-p«y^;l'7*>S ( St 58£ SI ) - 

o - 1 g 

7nHl/yjnj3-j|/f/')if*i-f;l'7tf-h ( iS JK ) 2 0g 

[0 0 0 8 ] 

^ t , m 3 (a) ^ T J; 5 &c , Sfii©±lcME4>fl:SSflHfS!l«'5>;*hWH*&#LT 10 
, 0. 2|im8|«t»Ol/*;xHZt»)SLft*, 0 3 (b) fcStJ:3C, l/J'X 

[ 0 0 0 9 ] 

# , [213 (c) k 5? -r £ 5 ic , isi**7h7'i/-h (H^aainsuT^s) tib 
i ooicofiSTif 6 o^itaSSt^ctti!), SS jfc ^ An m (peb) Sfi6? a c © 
J; 3 f £ £: . U^XM2 ©fi^gp 2 ali, W3£3i#lfr 51tfBit« © Tf 7 ;I/ * V tt 

ffl»»K:»LTBrsecsftt5-s, u V s x h h£ 2 <o * a # 2 b t± % & n ± m a* a m 
[0010] 20 

^ £ s 13 C d ) tit U^X h^2£SLt, 2. 3 8 w t %Of h 7 

5>XhIl2©*»a5aP2 b i % >) 0. 0 9 (i m©;^-yg^f t5 1/i^X 
[001 1 ] 

CSUItfSftLJ;? i: -T S H IB ] 

fcftteSttttos&ffc^BSjL-raciitiT?***^ - 73 t? t± , ffi ip j$ m m © m ? ig * s ^ s 

fc J6 fc: „ U i? X h;^-y©7YyfflX7^57*Xtfg< * £ t V> -5 Rfl g fS £ T S . 
^ffSifeoHiiaSJ:, X i? v 7 * X t± 1 2 n m C 3 a ) £ IE flUc ^ < £ -o ft 30 

. x 7 y77^xtfi<&5i4a, fitoawjE^tt^^tc^v^Tfi, m 7? ik sl ■» ± * v> 

[0012] 

aowajjCHitKastftK:. tilt- ssx-vfy^iit t*^T^a/t^- v^fe 

ap -T S c tfc450T$IS & JS ft f £ i: ^5 &9 ■ # #S * f « = 
[00 1 3 ] 

5 7-Y>tf)x«;i?7 7*X*iSEt5C fc^Sfit-rs. 
[0014] 40 

M (O B (£} * It l&? & fc & . *3£iaic«58Sl©/S* — VJBJSTJStix li'ty t LT7 
t7;P*a7^yx;V7*vSfXii^- 7/l/^"P5i-^^vX;l/7*v^*-a'ty®^iSU* 
tf^ftf ifill/fXhttfli^Sb^XM^f St^lSi:^ SUi?XHt» 
L T x in m W S. *M 0 k VWTOlfi^I^W(cMI[Lt^?"yl^§t7%5llt 

[0015] 

1 © £ — V}gjt75"i4fc±Si:, Isf^^^^LTy^^l/^n^^vx;!/ 
7* >SSHA - 7 >]s * v * 2 $ 1/ X >\s 7 * > S ft tz tb , rM? — Vl^Jtlfctit 50 



JP 2004-12513 A 2004. 1.15 



m. £ t s m <o & tsc a tf'b s v> tD t* , u x b/^-i/©7-fi'oiyy77*^tfigt 

[00 1 63 
[0017] 

[00 1 8 ] 
[0019] 

S2©^f - ^JgfigTu&^&t^T, < — Xt°"J V- 1. 0JX±Tlo 1 . 5 
U T T £ % c i: iff g L . 
[ 0 0 2 0 ] 

t#S»l!:SD> * ft . - X # U V - to ft m & if 1 - 5 Jti T t? & 2. tz. ib , U S> X b *\ * 
— > © 9 -Y > © X >y i/ 7 7 * X £: 5t m fc ffi Z$ "T 5 C t T? # § «, 20 
[ 0 0 2 1 ] 

g 2 © ^ ^ - > jg fig is & ic *s u> t s - x # y v — b „ Kn*«>xf uyosiift 

[ 0 0 2 2 ] 

[ ¥% m n m m <d m m ] 

( m i © is ss m m ) 

J^T, ?l 1 OSlf iCSS^^-vf figSSfco^T, mi (a) ~ (d) 

6 Si SB -r § o 

[ 0 0 2 3 ] 

tf, fi(TOtB)£*ttSft^ifflSU^XHiJS*l*It5, 30 
[ 0 0 2 4 ] 

*° U ( Uy) - (tFD^i/Xf l/» ) (fib, 1-xh 

l/V : tFo + ->Xf l/y=4 0mo 1%: 60mo 1%) ( — X jK 'J 



V — 

) 2 g 

F'J7i-^Xil/7*-7i 4 yt7;^a7'^yX;l/7*>| ( » 38 £ #J ) ■■• 

0 . 1 g 

7*nlf l/V^y ;l/x-f ;l/7-br- h ( SO 20g 

[ 0 0 2 5 ] 



^ t » El 1 C a ) ic 7* "T ± -5 te » Ifil oo±lc|JEoft:^*iSUj;xh#8Si36U 40 
T , 0. 2 (imOiSSSobi/'XHl 1 *f ibftf, HI ( b ) K^TA^t, U 

[ 0 0 2 6 ] 

W C * H 1 ( c ) &c ^ f £ 5 £ , Ml 0?*7F71/-F (B^iif DSLT^S) i; 
t) 1 0 0"C©S*TT?6 0f3>IBJiP«i-r«eii:KJ:*)v BftlgiJQg&^fr'S:?., £ © .fc 5 fc: T 
St, l/S^XMl 1 <5D M ft SB 1 1 ali, sssa^eii^itawT-r^^uttss 
% st l t n m i± ic m it t § - -ft , u->'xni i <d * b ft a? 1 1 b it , iMi^ei 
* ! i £ t ^ o T- 7 a tt i ii s c >ta T i g tt O S S T- £ § o 

[ 0 0 2 7 ] 50 



JP 2004-12513 A 2004. 1. 15 



K , Hi (d) ic ijk -T J: 5 fc > U^'xHi ltJtbt, 2. 38wt%©^h-7^^ 
P^XMl 1 £> * S ft 1 1 b±t)6t)0. 0 9 /imO/^ - tSl/i^X 

^-vi 4 % T & 0 

[ 0 0 2 8 ] 

fr tr ft 46 . 2 k ViDiaSls^jf^ffSi 2*<l»jn/tJ:*fc»SS)iil*>6 3E£ts 

St <0 J£ fiC JB ff 1 'h 2 ^ <0 T , l> V s X b /i& — > 1 4©7-l'ytf)X7i'"7 7^XfffiitS» 
^f*fgB^#P,COS|g|{ilJ;^i:, 3 n m <3o) 7? o T . X y 

is =7 7 % X *HS ffi T % Z. t ^ PS 12 t? # ft 0 10 
[ 0 0 2 9 ] 

Si , Sfl l o §1 fi£ fl? ^ T , 

ft tf, Utft^t, p-^;l/7n;l/^7i^)l/7]l/7i-H;t7)Wn7r>' 
X)l/7t>lXttv ! 7i-;l'3-K-9Ayt7;Wn7^yXil/7t>|^ffl^tU 

[ 0 0 3 0 ] 

$ ft % SlfflSIiltS^Ttt, » £ ffj ii , 8^*ytLT;t7;^n7?y7^ 
7*>'«E*#/L,?l/'>ftA^ Cftlcftilt, l-Ytyur^- 7*tn*HyXJl'7* 

7 * ^m*^&M$£3£.m t LTfl, }- 'J 7i-;l/X;V7*-n^-7)Wn^^yx 

;i/ ^ * ^ m ■& m if h ft s . 

[ 0 0 3 1 ] 

c m 2 © n m & m ) 

LXT. 82©*tt»«fcff*/<$r-VJSJS?5fi£li:oV»T, 82 (a) ~ (d) *^BBLft 
6 Si HJ! T 5 . 

[ 0 0 3 2 ] 
[ 0 0 3 3 ] 

#'J ( (t-7f*7^J;i/ixxf;V) - (t Hn*i/xfuy) ) ( fl L , t - 7 30 

^;V7^ 'J ^ixxt;!' : kFn*i'Xf-l/y=3 5mo 1 % : 6 5mo 1 % ) ( 5* tfc Jg 



: 1 

. 4) ( -4 — XS'J?- ) 2g 

2. 6 -5?- f VO&A, K 1- (m¥££.M) 0. lg 

7Dei/>i'-ij n-j^y^f ;i/x-f;i/7'bf-h ( JS « ) 2o g 

[ 0 0 3 4 ] 



T, 0. 2(nn«fSSjt^U^XH2 UeSLftS, 0 2 Cb) £ tk "T <S 5 , 1/ 

s> * h « 2 i tsLT2 k vofijna«ffi*j?o*?«2 2*ffis©;*$f — >#Hfrftft 

VX^23^/M,TSi«bT^^->'ffi7t%tTft3 0 40 
[ 0 0 3 5 ] 

$IK^ m2 (c) K^ti^ts |ft20?:*'yh7U-F t IS L/T^ 5 ) Ci 

St, L">"XM2 1 O « 3fe » 2 1 a i± , Hfg £ ffl 5 It ?g £ ? 3 © T 7* ;!/ * U 'ft IS {& 
^fcjfct LT nrittttC^fb-r 5-77, ^*XH2 1 <D * ft ft g|3 2 lbtt, Kft£X!l&5tt 

[ 0 0 3 6 ] 

35? t x 0 2 (d ) tnSt i 5 U-7XH2 l KJtll, 2 . 3 8 w t % © -r h v ;* 

;l/7 V^x^AaY Fn+f^ Flflt C T ^ * U tt « * » ) 5r ffl V T iji ft * ff ft o T . 

b X F Bl 2 1 £> * 11 ft SB 2 1 b J: 0 ft 0 0 . 09 (z mO/<?-y(|%St 5 1/-7X W< 50 



(6) JP 2004-12513 A 2004. 1. 15 

[ 0 0 3 7 ] 

m 2 <o m ffi & m k ± & t . ¥ ±s §y u ^ x h u n & ^ - x # y v - « . ¥ ^ v m. t* ^ t 

±H H T* * S 5 , US?7h;<ir-y2 4 07^y©xvi?5 7*X#fii(t8o * fg W 
m % (DmWzlC £ % t , "J ^ > (D 2^ V i? ^ y Xte 3 . 5 n m (3 a) T*SoT, ^ X * X 
^ {£ ® "T * £ ^ S T* * it 0 
[ 0 0 3 8 ] 

tlitfiOl. SttT^SSCktftfS L^o ^- X^DV — <0 4fr 1ft ft AM . 0 fit ± 7? £ 10 

st. ^ - x # y v — *m«tigr*c ttfsitao, $ ft ^ — x*y^ — 

ft AM . 5«TT'S^ts l/yxh;^-y©5-f >oxys;57*^*ilSltfiSt* 
[ 0 0 3 9 ] 

Sfe. SB2©*flijen»t:*v^Ttt N ^-X*'J7-ibT, #»Sfe©#U ( (t - 

r * y ;i/®aix 7- no - (kFD*'>xf i/y) ) xm^ltufi* cttfc:ft*T\ JMTfcW 

C 1 ) # y ( ( h ^ > x ^ ;!/ * 4^ > X ^ U > ) - (HHn^i/Xf l/» ) ({Mb. x 
h^v^x^^^-^v'X^L/^: t: FP^^Xf l/>=3 5mo 1% : 65mo 1%) 

C 2 ) * y ( (^ht^/^fiV^ + v'X^l/y) - (tKnti/X*l/» ) * ( fi L . ^ 20 
h^i/^^^^-^^X^-l/V : t: FU + S/Xfl/V = 4 Omo 1 % : 6 Orno 1 %) 

(3) * y ( (f h?tKni;7-** + *yXf u» - (kHn + s/xf uy) ) ( fi 

b , f F5 ti Fntf7n;V^ + 5/Xf l/> : k FP^^Xf by = 3 5mo 1 % : 6 5m 

0 I %) 

(4) * y ( (7x/^S/xf;l/^ + ^Xfl/y) - (liKn*5/X?I/y) ) (fib. 
7xy*^3:^;l/**3/X^U>: t: Fa + ^Xf L/> = 3 2mo 1 % : 6 8mo 1%) 

(5) aj? y ( (t-7"^;U*^Xf - (kKntJ/xfby) ) (fib. t - 7 
^^^"^v'X^l/V : tFn^i>Xf 1/^=3 Omo 1 % : 7 Omo 1 % ) 

( 6 ) # y ( (t - 7f;V**S/i;b#-;l/t*->Xf P» - (n Fnt^xf by) 
) (fib. t - y =f- iU * ^ is * ;l/ # n )V * * X ^ U > : t F a 4^ 5/ X =f- 1^ > = 3 0 m o 30 

1 % : 7 0 m o 1 % ) 

( 7 ) d? y ( ( t - 7 ^ f\, * ^ > £ ;b n j]/ * ^ )V * * ^ X ^ P > ) - ( H K P 4r X * 
Is > ) ) (fib. t - 7f;W + ^ij;^f^;Mf ;^^^>Xf l/> : t: Fn + v'Xf 1/ 
> = 2 8 m o 1%: 72mo 1%) 

( 8 ) # y ( Ct-?^*^>{r'J;l/iiXf*) - (tFa + ^Xf by) ) (fib, 
t - ^ i7 U ;1/1xXt^ : k Fn^ i/Xf 3 8mo 1%: 6 2 m o 1%) 

(9) # y ( (t-7f;i/7»U;bfxxf;V) - (t Fn^^Xf l/» - (x^L-> 
)) (fib. t-^^;l/y^y;VMxXx;V:bFn^^X^l/V:x^U>=33mo 
l%:57mol%:i0mol%) 

(i o) # y ( ;P-2-7^vyjry7*y;l/tiXf - ( ^ n — y # 40 

7n>7i"J;Hxxf/V) ) (fib. z-^f;l/-2-7^v>?>7?iJ;Hix 
tJV : ^^nz7*7H>7^ ] J;HxXf ib = 5 Omo 1%: 50mo 1%) 

(1 1) *° y ( (2-^^;V-2™T^*^>^>'Z^y/V^xX-7 : ';l/) - ( y - -/ ^ n ^ 
n>7i"J;HxXf;V) ) (fib, 2 - .x ^ - 2 -T > 9 1/7 $ : J /Hxxf 
)]/ : y-7?P7ny7^'J;l/8xxf;i/=5 Omo 1%: 50mo 1%) 

(l 2) =H y ( (2-^/l/-2-7?Yy^y«^j/V|xxfil/) - (^^nx 7 
?7n>^^J;Hxxf;l/) ) (fib, 2-^^;V-2-7^v>#>^#^ij;i/ 
SxXf;l/ : ^^nx^^7^ F>^^^ 'J;V»xXf ;b = 5 Omo I % : 5 0 m o 1 % 
) 

(1 3) # 'J ( (2 - xf - 2 - 7^V>^ y^^f^ iJ;V1xXt;V) - (y-^^D 50 



JP 2004-12513 A 2004. 1. 15 



7n^^?i;;i/iixf*) ) (fib, 2 - ^ & - 2 - 7 & $ & v 

m X ^ ;ly : y — 7f n 7 ^ b >^ ? ^ 'J ;I/ixxf ;^ 5 Omo 1% : 50mo 1%) 
(1 4) u ( (2-^^;l/-2-7^vy>y7*U;HxXf - (;*7^n-^£ 
^^hV^^^y^Mxx-r^)) (fib, 2-^^;I/-2-y^v>^>7 7 ^ T J^^3i 
Xr/b: ^^P-^7ny^^J;HiXr;V=5 0mo 1%: 50mo 1%) 
(1 5) #U ( ;l/-2-7^v>^>7^'J;l/lxXf;l/) - ( y - y ^ n ^ 

*hV^*#>j;HxXf*) ) (fib, 2-xf;l/»2-7^ , r>?y7^ U;l/»xx 
"T 71/ : y-7f n7H>^? ^V^ixXfiV^ 5 Omo 1%: 50mo 1%) 

(1 6 ) # V ( C 5 - t - y A, y )V # 7V * V - 5 - * 71/ # 4r 5/ b - h ) - ( J 7 1/ # /I/ * 
v-S-Srt/tf + S/U — tO ) (fib. 5 - t - y ^ ;l/ y 7!/ * 71/ * y - 5 - * ;l/ * 4^ *s b 10 

- h : ;;W?;l/^y-5-ijj^>i/b-f = 4 0nio 1 % : 6 0 m o 1 % ) 

(1 7) * u C (5- t - - i/VN*it7;i/*D^v^pii 

)]/ 7 jV rr — ;V ) - (/;l/twl^^ > - 5 - ^ 7/1/t n^f V T'n t°;l/7;^^;]/ 

) ) (fib. 5-t-^^;I/y;l/*;l/*>-5->«^U>^**7;I/*n^y^aii;l/r 
;l/ 3 — ;i/ : / y - 5 - ^ f P y^^^7;^ p ^ V 7d tf;V7;V3 - 71/ = 3 5m 

o 1 % : 6 5 m o 1 % ) 

(18) # U ( ( 5 - t - y ^ ;l/ y ;l/ * ;l/ * y - 5 - ± ;]/ # * y b — h ) - (»7j<vi/^ 
>l) ) (fib, 5-t-7f;W*«**>-5-A**tS/U - f:»G*vU-Yy* 
= 50mol%:50mol%) 

(19) # y ( ( 5 - t - y 71/ / ;!/ # ;P * y - 5 - # /l/ # ^ y b — K ) - ( y 71/ 71/ * 20 
y - 5 - A 71/ # 4=- > I- - h ) - (fib, 5 - t - 7 9- ;V y 71/ 71/ * y 

- 5 — * }\f # 4^ y b — h : — 5 -»*;!/ h : ffi zk v b -Y > = 4 0 
m o 1 % : 1 0 m o 1 % : 5 0 m o 1 % ) 

(20) # y ( (5-t-y^;ly/;l/#;l/^y-5-7«^l/y^ + ity;i/^-n-fyy , p^ 
;V7;V3-;i/) - ( ffi 7 ]< v b Y v s ) ({0b. 5-t-y^;i/7;V#;V^y-5-^^L- 

V^^^7;l/t P-f V^n tf ;V7;l/n-;l/ : &|7kvb-fy^=5 Omo 1 % : 5 Omo 1 
%) 

(2 1 ) # y ( C5-t-7f/l//;Wfwl/^y-5-^b>A^t)-7;^n^y7Dt? 

) - ( S£ 7k v b -Y y SO ) (fib, 5-t-y^^y;l/#;l/*y™5-^^lxy-N^+?-y 30 
;l/tn-fy^qi;;i/7^3^;l/ : /;Wf;b^y-5-^f l/>^^^7;!/tP^v7nt 6 
;l/T;l/Xi — ;b : I*vl/^>1=3 5mo 1 % : 1 5mo 1 % : 50mo 1%) 

(22) # U ( (5- t-7f ;l/^;l/*^*^-5-*;l/i?*^U^h) - ( 3ft ?k v b -Y 
y») - (2™^f;V-2-7^y^y^^ijL/-b) - (y-y*a9*hy** 

) (fib. 5 - t - y 9 )]/ y ;l> # 71/ ^. y - 5 - * /V # * y b — b : ffi 7k v b 
-Y y « : 2-y^ L ;l/-2-7 7 ^v>^>y^^iJb— h : y-7fP7n^^>'Jb 

- h = 2 5 m o 1%: 25mo 1%: 30mo 1%: 20mo 1%) 

(23) # y ( ( 5 - t - y 71/ J jV a? ;i/ * y - 5 - # 71/ * * y b — b ) - ( m 7k v b -Y 
y at) - (y-7?n7ny^^JL/-M ) (fib. 5 - t - y ^ ;i/'y ;i/ * ;i/ * > 

- 5 — * 71/ * * S/ b — h : M 7k b -Y y J& : y-y^n^^byy^z^yb— h=4 0 in 40 
o 1 % : 4 0 m o 1 % : 2 0 m o 1 % ) 

(24) * y ( ( 5 - t - y 9- 7U / 7i/ ^ 7U * y - 5 - tt 71/ # 4f v b — b ) - ( ^ 7 k v b -y 

y b — h ) ) (fib, 5 - t - y 9- 71/ / 71/ # 71/ * y - 5 - * ;b * ^ 3/ b — h : to 7 j< v b -Y 
>m : 2-x^;l,-2~r^W^>'7 7 ^yb-h :>(An-^7ny7?'Jl/-b 
= 25mol%:25mol%:35mol%: 1 5 m o 1 % ) 

(25) * U ( ( 5 - t - y 9- 71/ y 71/ # 71/ * y - 5 - * ;U # 4r b — h ) - ( 7k v b -Y 
>i) - (^Ma-7*7ny7*yi/-h) ) (fib. 5-t-y^-;l/y;I/*;V*y 

- 5 - * 71/ 3? 4F ^> b — h : «7k*7l/Y>i : ^7^p-^^^^hyy^yb— h=40m 
ol%:40mol%:20mol%) 50 



(8) JP 2004-12513 A 2004.1.15 

[ 0 0 4 0 ] 

c m m to m m ] 

u 7 $ 1/ 7. to 7 * >W5H$ — 7 )V * u * V 2 V X ;l> 7 * > & *t # tS Tc tb , ^ £ — > ffi 
£ n fc ^ # IS £ 1" § ^ Q 1ft S 2^ >h £ ^ © t? , h^^^-><D^i'>cDi>v> f ^7 

[ 0 0 4 1 ] 

# U -7 — tt x S^a-JSotSlT^S*^, U 5> X h ^ £ - > <D =? -f > <D X y V ^ 7 * 

X jbMfi M -r £ - 

[mi] (a) ~ Cd) f i oHIIUcSS/^-yilSScSil^StlSti 

[B2] (a) ~ Cd) lis m20Siai!m«(CflRS/<^-i'jefilg7Jj£0&XS*^-r»fiB 





* © m m ] 


1 


0 




& IS 


l 


1 




u y X b « 


1 


1 


a 


Htl:£|5 


l 


1 


b 




1 


2 






l 


3 






l 


4 




Is X b 


2 


0 






2 


1 




1/^7 h H 


2 


1 


a 




2 


I 


b 




2 


2 




~? 


2 


3 






2 


4 







(9) 



JP 2004-12513 A 2004. 1. 15 



im i ] 



[02] 



(a) 



-11 

-10 



(a) 



— 21 
--20 



(b) 




(c) 



11a lib 



11a lib 



111111111111111 



7*/ 



-11 

^10 



-14 
-10 



(b) 




(c) 



21a 21b 



21a 21b 



— 21 
20 



111111111111111 



(d) 



Z_ 



-24 
-20 



CH 3 ] 



(a) 



■j,- ^ ^ \/ j'" > 



Cb) 



7 7 




A 



2a 2b 



to 



2a 2b 



11111111*^111111 



(10) 



JP 2004-12513 A 2004. 1. 15 



(74)fl5SA 100115510 
(74){^1A 100115691 

F A(#%) 2H025 AA03 AB16 AC06 AD01 AD03 BE07 BE10 BGOO CB16 FA17 



JP2004-12513 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2004-01 251 3 

(43)Date of publication of application : 15.01.2004 



(51)Int.CI. 



G03F 7/004 
H01L 21/027 



(21) Application number : 2002-161651 

(22) Date of filing : 03.06.2002 



(71 Applicant : MATSUSHITA ELECTRIC IND CO LTD 
(72)Inventor : EN DO MASATAKA 
SASAKO MASARU 



(54) METHOD OF FORMING PATTERN 

(57)Abstract: 



« 



-.>'--/ 

v / 



1U1 



^ 



LP 



11a 11W 



Id 



lib 



•/////////£> 

%\\\ i\ *>1 si iff 



PROBLEM TO BE SOLVED: To decrease an edge roughness of lines 
in a resist pattern obtained by irradiation with electron beams at a low 
acceleration voltage. 

SOLUTION: A resist film 1 1 consisting of a chemically amplifying 
resist material having an acid generating agent containing 
nonafluorobutane sulfonic acid as an anion is formed. The resist film 
11 is selectively irradiated with electron beams at a <10 kV low 
acceleration voltage for pattern exposure and then developed to form 
a resist pattern 1 4. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



1 



JP2004-12513 



CLAIMS 

[Claim(s)] 
[Claim 1] 

A process of forming a resist film which consists of a chemical amplification type resist material which has 
an acid generator which contains nonafluorobutane sulfonic acid or a perfluorooctane sulfonate as negative 
ion, 

A process of accelerating voltage irradiating with an electron beam of 10 kV or less selectively, and 
performing pattern exposure to said resist film, 

A pattern formation method provided with a process of developing said resist film by which pattern exposure 
was carried out, and forming a resist pattern. 
[Claim 2] 

The pattern formation method according to claim 1, wherein said acid generator contains triphenylsulfonium 
as a positive ion. 
[Claim 3] 

A process of forming a resist film which consists of a chemical amplification type resist material which has 
monodisperse base polymer, 

A process of accelerating voltage irradiating with an electron beam of 10 kV or less selectively, and 
performing pattern exposure to said resist film, 

A pattern formation method provided with a process of developing said resist film by which pattern exposure 
was carried out, and forming a resist pattern. 
[Claim 4] 

The pattern formation method according to ciaim 3 which a degree of dispersion of said base polymer is 1.0 
or more, and is characterized by being 1 .5 or less. 
[Claim 5] 

The pattern formation method according to claim 4, wherein said base polymer is a derivative of polyhydroxy 
styrene. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the pattern formation method used for the manufacturing process of a 

semiconductor integrated circuit device. 

[0002] 

[Description of the Prior Art] 

Acceleration of development of a lithography technology is desired with large integration of an integrated 
circuit and downsizing of a semiconductor device. Although pattern formation is performed by the optical 
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lithography which makes exposing light a mercury lamp, a KrF excimer laser, or an ArF excimer laser at 
present, the lithography which uses an electron beam is expected for much more minuteness making in 
future. 
[0003] 

The throughput was a technical problem although high-resolution-izing was possible for electron beam 

lithography compared with the exposing light used from the former. 

[0004] 

Then, adopt the package transfer method using a mask as electron beam lithography which raises a 
throughput, and. . The electron beam lithography using the low accelerating voltage of 10 kV or less is 
proposed in order to prevent degradation of the definition by coulomb rebounding of an electron beam. (For 
example, N.Shimazu, Digest of Papers 2001 InternationalMicroprocesses and NanotechnologyConference, 
and p.38 (2001).), 
[0005] 

Hereafter, the conventional pattern formation method using the electron beam of low acceleration voltage 

as exposing light is explained, referring to drawing 3 (a) - (d). 

[0006] 

First, the chemical amplification type resist material which has the following presentations is prepared. 
[0007] 

Poly (1-ethoxyethylstyrene) (- (hydroxystyrene)) (however, 1-ETO) 
KISHIE chill styrene: Hydroxystyrene =40mol%:60mol% (base polymer) 
) 2g 

Triphenylsulfonium trifluoromethysulfonic acid (acid generator) — 
0.1 g 

Propylene-glycol-monomethyl-ether acetate (solvent) 20g 

[0008] 

Next, as shown in drawing 3 (a), after forming the resist film 2 which applies the aforementioned chemical 
amplification type resist materia!, and has a thickness of 0.2 micrometer on the substrate 1, as shown in 
drawing 3 ( b), It irradiates with the electron beam 3 which has the low acceleration voltage of 2 kV to the 
resist film 2 via the mask 4 in which the desired pattern was drawn, and pattern exposure is performed. 
[0009] 

Next, as shown in drawing 3 (c), exposure afterbaking (PEB) is performed by heating the substrate 1 for 60 
seconds under the temperature of 100 ** with a hot plate (the graphic display is omitted). If it does in this 
way, since it is generated by acid from an acid generator, the exposure part 2a of the resist film 2 will change 
to fusibility to an alkaline developing solution. 

On the other hand, since it is not generated by acid from an acid generator, unexposed part 2b of the resist 
film 2 is to an alkaline developing solution in the poorly soluble state. 

[0010] 

Next, as shown in drawing 3 (d) T negatives are developed to the resist film 2 using 2.38wt% of a 
tetramethylammonium hydroxide developing solution (alkaline developing solution), The resist pattern 5 
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which consists of unexposed part 2b of the resist film 2, and has the pattern width of 0,09 micrometer is 

formed. 

[0011] 

[Problem(s) to be Solved by the Invention] 

By the way, according to the lithography using the electron beam of low acceleration voltage, a throughput 
improves, and degradation of definition can be prevented, but on the other hand, in order to use the electron 
beam of low acceleration voltage, the problem that the edge roughness of the line of a resist pattern 
worsens occurs. According to these artificers' experiment, edge roughness became very large with 12 nm 
Osigma). It is thought that the reason edge roughness worsens is large [ forward scattering ] in the electron 
beam of low acceleration voltage, 
[0012] 

Management of the pattern dimension in a semiconductor manufacturing process becomes difficult, and 
since the pattern with such large edge roughness will transfer a defective pattern in the etching process etc. 
which are post processes, the problem that the yield gets worse generates it. 
[0013] 

In view of the above, an object of this invention is to reduce the edge roughness of the line in the resist 

pattern produced by irradiating with the electron beam of low acceleration voltage. 

[0014] 

[Means for Solving the Problem] 

In order to attain the aforementioned purpose, the 1st pattern formation method concerning this invention is 
provided with the following. 

A process of forming a resist film which consists of a chemical amplification type resist material which has 
an acid generator which contains nonafluorobutane sulfonic acid or a perfluorooctane sulfonate as negative 
ion. 

A process of accelerating voltage irradiating with an electron beam of 10 kV or less selectively, and 
performing pattern exposure to this resist film. 

A process of developing a resist film by which pattern exposure was carried out, and forming a resist pattern. 
[0015] 

According to the 1st pattern formation method, since nonafluorobutane sulfonic acid or a perfluorooctane 
sulfonate is included as negative ion and the degree of diffusion of acid by which it is generated when pattern 
exposure is carried out is small, edge roughness of a line of a resist pattern reduces an acid generator. 
[0016] 

As for an acid generator, in the 1st pattern formation method, it is preferred that triphenylsulfonium is 

included as a positive ion. 

[0017] 

The 2nd pattern formation method concerning this invention is provided with the following. 

A process of forming a resist film which consists of a chemical amplification type resist material which has 

monodisperse base polymer. 

A process of accelerating voltage irradiating with an electron beam of 10 kV or less selectively, and 

4 



JP2004-12513 

performing pattern exposure to a resist film. 

A process of developing a resist film by which pattern exposure was carried out, and forming a resist pattern. 
[0018] 

According to the 2nd pattern formation method, base polymer of a chemical amplification type resist 
material is mono dispersion, and since it is homogeneous, edge roughness of a line of a resist pattern 
reduces it. 
[0019] 

In the 2nd pattern formation method, a degree of dispersion of base polymer is 1.0 or more, and it is 

preferred that it is 1.5 or less. 

[0020] 

It becomes easy to mass-produce base polymer industrially, since a degree of dispersion of base polymer is 
1 .0 or more, and since a degree of dispersion of base polymer is 1.5 or less, edge roughness of a line of a 
resist pattern can be reduced certainty. 
[0021] 

As for base polymer, in the 2nd pattern formation method, it is preferred that it is a derivative of poiyhydroxy 

styrene, 

[0022] 

[Embodiment of the Invention] 
(A 1st embodiment) 

Hereafter, the pattern formation method concerning a 1st embodiment is explained, referring to drawing 1 (a) 

- (d). 

[0023] 

First, the chemical amplification type resist material which has the following presentations is prepared. 
[0024] 

Poly (1-ethoxyethylstyrene) (- (hydroxystyrene)) (however, 1-ETO) 
KISHIE chill styrene: Hydroxystyrene =40mol%:60mol% (base polymer) 
) 2g 

Triphenylsulfonium nonafluorobutane sulfonic acid (acid generator) — 
0.1 g 

Propylene-glycol-monomethyl-ether acetate (solvent) 20g 

[0025] 

Next, as shown in drawing 1 (a), after forming the resist film 1 1 which applies the aforementioned chemical 
amplification type resist material, and has a thickness of 0.2 micrometer on the substrate 10, as shown in 
drawing 1 (b), It irradiates with the electron beam 12 which has the low acceleration voltage of 2 kV to the 
resist film 1 1 via the mask 13 in which the desired pattern was drawn, and pattern exposure is performed. 
[0026] 

Next, as shown in drawing 1 (c), exposure afterbaking is performed by heating the substrate 10 for 60 
seconds under the temperature of 100 ** with a hot plate (the graphic display is omitted). If it does in this 
way, since acid will generate the exposure part 1 1a of the resist film 11 from an acid generator, white 
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changing to fusibility to an alkaline developing solution, since it is not generated by acid from an acid 
generator, the unexposed part 11b of the resist film 11 is to an alkaline developing solution in the poorly 
soluble state, 
[0027] 

Next, as shown in drawing 1 (d), negatives are developed to the resist film 1 1 using 2.38wt% of a 
tetramethylammonium hydroxide developing solution (alkaline developing solution), The resist pattern 14 
which consists of the unexposed part 1 1 b of the resist film 1 1 , and has the pattern width of 0.09 micrometer 
is formed. 
[0028] 

Since according to a 1st embodiment an acid generator contains nonafluorobutane sulfonic acid as negative 
ion and the degree of diffusion of acid generated from an acid generator is small when the electron beam 12 
with the accelerating voltage of 2 kV is irradiated, the edge roughness of the line of the resist pattern 14 
decreases. According to these artificers 1 experiment, the edge roughness of a line is 3 nm (3sigma), and it 
has checked that edge roughness decreased. 
[0029] 

Although triphenylsulfonium nonafluorobutane sulfonic acid was used as an acid generator which contains 
the negative ion which consists of nonafluorobutane sulfonic acid in a 1st embodiment, It may replace with 
this and p-methylphenyl diphenylsulfonium nonafluorobutane sulfonic acid or diphenyfiodonium 
nonafluorobutane sulfonic acid may be used, 
[0030] 

In a 1st embodiment, although the acid generator contained nonafluorobutane sulfonic acid as negative ion, 
even if it replaces with this and the perfluorooctane sulfonate is included as negative ion, the same effect is 
acquired. A triphenylsulfonium perfluorooctane sulfonate is mentioned as an acid generator which contains a 
perfluorooctane sulfonate as negative ion. 
[0031] 

(A 2nd embodiment) 

Hereafter, the pattern formation method concerning a 2nd embodiment is explained, referring to drawing 2 

(a) - (d). 

[0032] 

First the chemical amplification type resist material which has the following presentations is prepared. 
[0033] 

Poly (t-butyiacrylic ester) (- (hydroxystyrene)) (however, t-BU) 

Chill acrylic ester: Hydroxystyrene ^SSmo^GSmoM (degree of dispersion: 1) 

. 4 (base polymer) 2g 

2,6-dinitrobenzyl tosyiate (acid generator) 0.1g 

Propylene-glycol-monomethyl-ether acetate (solvent) 20g 

[0034] 

Next, as shown in drawing 2 (a), after forming the resist film 21 which applies the aforementioned chemical 
amplification type resist material, and has a thickness of 0.2 micrometer on the substrate 20, as shown in 
drawing 2 (b), It irradiates with the electron beam 22 which has the low acceleration voltage of 2 kV to the 
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resist film 21 via the mask 23 in which the desired pattern was drawn, and pattern exposure is performed, 
[0035] 

Next, as shown in drawing 2 (c), exposure afterbaking is performed by heating the substrate 20 for 60 
seconds under the temperature of 1 10 ** with a hot plate (the graphic dispfay is omitted). If it does in this 
way, since acid will generate the exposure part 21a of the resist film 21 from an acid generator, while 
changing to fusibility to an alkaline developing solution, since it is not generated by acid from an acid 
generator, the unexposed part 21b of the resist film 21 is to an alkaline developing solution in the poorly 
soluble state, 
[0036] 

Next as shown in drawing 2 ( d), negatives are developed to the resist film 21 using 2.38wt% of a 
tetramethylammonium hydroxide developing solution (alkaline developing solution), The resist pattern 24 
which consists of the unexposed part 21b of the resist film 21 , and has the pattern width of 0.09 micrometer 
is formed. 
[0037] 

According to a 2nd embodiment, base polymer of a chemical amplification type resist material is mono 
dispersion, and since it is homogeneous, the edge roughness of the line of the resist pattern 24 reduces it. 
According to these artificers' experiment, the edge roughness of a line is 3.5 nm (3sigma), and it has checked 
that roughness decreased. 
[0038] 

In a 2nd embodiment, although the degree of dispersion used base polymer which is 1 .4, a degree of 
dispersion in particular is not limited, but should just be mono dispersion. But the degree of dispersion of 
base polymer is 1.0 or more, and it is preferred that it is 1.5 or less. It becomes easy to mass-produce base 
polymer industrially as the degree of dispersion of base polymer is 1 .0 or more, and the edge roughness of 
the line of a resist pattern can be certainly reduced as the degree of dispersion of base polymer is 1.5 or less. 
[0039] 

In a 2nd embodiment, although monodisperse poly (t-butylacrylic ester) (- (hydroxystyrene)) was used as 
base polymer, it may replace with this and the monodisperse base polymer enumerated below may be used. 

(1) Poly (ethoxy ethyloxy styrene) (- (hydroxystyrene)) (however, ethoxy ethyloxy styrene:hydroxystyrene 
=35mo!%:65mol%) 

(2) Poly (methoxymethyloxy styrene) (- (hydroxystyrene)) (however, methoxymethyloxy 
styrene:hydroxystyrene =40mol%:60mol%) 

(3) Poly (tetrahydropyranyloxy styrene) (- (hydroxystyrene)) (however, tetrahydropyranyloxy 
styrene:hydroxystyrene =35mol%:65mol%) 

(4) Poly (phenoxy ethyloxy styrene) (- (hydroxystyrene)) (however, phenoxy ethyloxy 
styrene:hydroxystyrene =32mol%:68mol%) 

(5) Poly (t-butyloxy styrene) (- (hydroxystyrene)) (however, t-butyloxy styrene:hydroxystyrene 
=30mol%:70mol%) 

(6) Poly (t-butyloxy carbonyloxy styrene) (r (hydroxystyrene)) (however, t-butyloxy carbonyloxy 
styrene:hydroxystyrene =30rnol%:70mo!%) 

(7) Poly (t-butyloxy carbonyl methyloxystyrene) (- (hydroxystyrene)) (however, t-butyloxy carbonyl 
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methyloxystyrene:hydroxystyrene =28mol%:72mol%) 

(8) Poly (t-butylmethacrylic acid ester) (- (hydroxystyrene)) (however, 
t-butylmethacrylic-acid-ester:hydroxystyrene =38mol%:62mol%) 

(9) Poly (t-butylacrylic ester) (-(hydroxystyrene)- (styrene)) (however, t-butylacryiic 
ester:hydroxystyrene:styrene =33mol%:57moi%:1 Ornol%) 

(10) Poly (2-methyl-2-adamantane acrylic ester) (- (mevalonic lactone acrylic ester)) (however, 
2-methyf-2-adamantane acrylic estermevalonic lactone acrylic ester -50mol%:50mol%) 

(1 1) Poly (2-ethyl-2-adamantane acrylic ester) (- (gamma-butyrolactone acrylic ester)) (however, 
2-ethyl-2-adamantane acrylic ester:gamma-butyrolactone acrylic ester =50mol%:50mol%) 

(12) Poly (2-methyl-2-adamantane methacrylic acid ester) (- (mevalonic lactone methacrylic acid ester)) 
(however, 2-methyl-2-adamantane methacrylic-acid-ester:mevalonic lactone methacrylic-acid-ester 
=50mol%:50mol%) 

(1 3) Poly (2-ethyl-2-adamantane methacrylic acid ester) (- (gamma-butyrolactone methacrylic acid ester)) 
(however, 2-ethyl-2~adamantane methaciylic-acid-ester:gamma-butyrolactone methacrylic-acid-ester 
=50mol%:50mol%) 

(14) Poly (2-methyl-2-adamantane acrylic ester) (- (mevalonic lactone methacrylic acid ester)) (however, 
2-methy|-2-adamantane acrylic estermevalonic lactone methacrylic-acid-ester =50mol%:50mol%) 

(15) Poly (2-ethyh2-adamantane acrylic ester) (- (gamma-butyrolactone methacrylic acid ester)) (however, 
2-ethy|-2-adamantane acrylic esterigamma-butyrolactone methacrylic-acid-ester =50mol%:50mol%) 

(16) Poly (5-t-butyl norbornene 5-carboxylate) (- (norbornene 5-carboxylate)) (however, 5-t-butyl 
norbornene 5-carboxylate:norbornene 5-carboxylate =4Qmol%:60mol%) 

(17) Poly (5-t-butyl norbornene 5-methylene hexafluoro isopropyl alcohol) (- (norbornene 5-methylene 
hexafluoro isopropyl alcohol)). (However, 5-t-butyl norbornene 5-methylene hexafluoro isopropyl 
alcohohnorbornene 5-methylene hexafluoro isopropyl alcohol =35rnol%:65mol%) 

(18) Poly (5-t-butyl norbornene 5-carboxylate) (- (maleic anhydride)) (however, 5-t-butyl norbornene 
5-carboxylate:maleic anhydride =50mol%:50mol%) 

(19) Poly (5-t-butyi norbornene 5-carboxylate) (-(norbornene 5-carboxylate)- (maleic anhydride).) 
(However, 5-t-butyl norbornene 5-carboxylate:norbornene 5-carboxylate:maleic anhydride 
=40mol%:1 0mol%:50mol%) 

(20) Poly (5-t-butyl norbornene 5-methylene hexafluoro isopropyl alcohol) (- (maleic anhydride) (however, 
5-t-butyl norbornene 5-methylene hexafluoro isopropyl alcohokmaleic anhydride =50mol%:50mol%)) 

(21) Poly (5^t-butyl norbornene 5-methylene hexafluoro isopropyl alcohol) (-(norbornene 5-methylene 
hexafluoro isopropyl alcohol)- (maleic anhydride)). (However, 5-t-butyl norbornene 5-methylene hexafluoro 
isopropyl alcohohnorbornene 5-methylene hexafluoro isopropyl alcohol:maleic anhydride 

=35mol%:1 5mol%:50mol%) 

(22) Poly (5-t-butyl norbornene 5-carboxylate) (-(maleic anhydride)-(2-methyl-2-adamantane 
methacrylate)- (gamma-butyrolactone methacrylate)). (However, 5-t-butyl norbornene 
5-carboxylate:maleic anhydride:2-methyl-2-adamantane methacrylate:gamma-butyrolactone methacrylate 
=25mol%:25mol%:30mol%:20mol%) 

(23) Poly (5-t-butyi norbornene 5-carboxylate) (-(mafeic anhydride)- (gamma-butyrolactone methacrylate)), 
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(However, 5-t^butyl norbornene 5-carboxylate:maleic anhydride:gamrna-butyroIactone methacrylate 
==40mol%:40mol%:20mol%) 

(24) Poly (5-t-butyl norbornene S^carboxylate) (-(maleic anhydride)-(2-ethyl-2-adamantane acrylate)- 
(mevalonic lactone acrylate)). (However, 5-t-butyl norbornene 5-carboxyiate:maleic 
anhydride:2-ethyh2^adamantane acrylate:mevalonic lactone acrylate =25moi%:25mol%:35mol%:1 5mo!%) 

(25) Poly (5-t-butyl norbornene 5-carboxylate) (-(maleic anhydride)- (mevalonic lactone acrylate)). 
(However, 5-t-butyl norbornene 5-carboxylate:maleic anhydride:mevalonic lactone acrylate 
=40mol%:40mol%:20mol%) 

[0040] 

[Effect of the Invention] 

According to the 1st pattern formation method concerning this invention, an acid generator, Since 
nonafluorobutane sulfonic acid or a perfluorooctane sulfonate is included as negative ion and the degree of 
diffusion of the acid by which it is generated when pattern exposure is carried out is small, the edge 
roughness of the line of a resist pattern decreases. 
[0041] 

According to the 2nd pattern formation method concerning this invention, base polymer of a chemical 
amplification type resist material is mono dispersion, and since it is homogeneous, the edge roughness of the 
line of a resist pattern reduces it. 
[Brief Description of the Drawings] 

[Drawing 1] (a) - (d) is a sectional view showing each process of the pattern formation method concerning a 

I st embodiment, 

[Drawing 2] (a) - (d) is a sectional view showing each process of the pattern formation method concerning a 
2nd embodiment. 

[Drawing 3] (a) - (d) is a sectional view showing each process of the conventional pattern formation method. 
[Description of Notations] 
10 Substrate 

I I Resist film 

1 1a Exposure part 
11b Unexposed part 

12 Electron beam 

13 Mask 

1 4 Resist pattern 

20 Substrate 

21 Resist film 
21a Exposure part 
21b Unexposed part 

22 Electron beam 

23 Mask 

24 Resist pattern 
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[Translation done.] 
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